Objective. Cigarette smokers seeking treatment for chronic pain have higher rates of opioid use than nonsmokers. This study aims to examine whether veterans of Operations Enduring Freedom/Iraqi Freedom/New Dawn (OEF/OIF/OND) who smoke are more likely to receive an opioid prescription than nonsmokers, adjusting for current pain intensity.
Key Words. Opioids; Smoking; Veterans; Tobacco; Pain Background Cigarette smoking is highly prevalent among veterans recently separated from active duty [1, 2] , as well as a major cause of excess morbidity, mortality, and loss of productivity worldwide [3] . The highest rates of smoking are observed among Operations Enduring Freedom, Iraqi Freedom, and New Dawn (OEF/OIF/OND) veterans [1] . OEF/OIF/OND veterans smoke at twice the rate of similarly aged US civilian adults (40% vs 19%) [1] . Cigarette smoking rates are higher among individuals with mental health diagnoses, such as anxiety, depression, post-traumatic stress disorder (PTSD), and substance use disorders, which are also highly prevalent among veterans in Veterans Health Administration (VHA) care [2, [4] [5] [6] .
Pain is reported by more than one-third of OEF/OIF/ OND veterans [7, 8] , and smoking status has been shown to be associated with pain in this cohort [9] . From an epidemiologic standpoint, smoking is associated with the development and progression of many painful conditions, such as psoriasis, rheumatoid arthritis, and diabetic peripheral neuropathy, and musculoskeletal conditions, such as low back pain [10] [11] [12] [13] [14] . However, the relationship between smoking and pain appears to represent more than a co-occurrence of conditions [15] . Evidence now suggests that the relationship between smoking and pain is both causal and reciprocal [10] . Smoking is also highly related to depression, which has been shown to be associated with pain as well [6, 16] . Among persons reporting pain, smoking has also been shown to be associated with greater pain intensity and interference with functional activities [17] . Although the connection remains unclear, it may be that smokers experience more pain and they smoke to treat both their pain and depression.
Cigarette smokers seeking treatment for chronic pain have higher rates of opioid use than people who never smoked [4, 18, 19] , and opioids are commonly prescribed for noncancer chronic pain in VHA settings [20] . There is growing concern about long-term deleterious effects of opioids, many of which are more common among individuals who smoke, including osteoporosis, hypogonadism, and development of an opioid use disorder [21] [22] [23] [24] . Our recent study among OEF/OIF/OND veterans found smoking status to be associated with pain intensity [9] . Building on these results, we sought to: 1) determine if smoking status is associated with opioid receipt in OEF/OIF/OND veterans and 2) examine important covariates of smoking and opioid receipt, testing for factors that may be differentially associated with opioid receipt in veterans, such as current pain intensity, gender, and mental health diagnoses, among others.
Methods

Study Design/Population
The sampling frame for the overall study is the OEF/OIF/ OND roster, provided to the VHA by the Department of Defense Manpower Data Center's (DMDC) Contingency Tracking System. The roster is a list of veterans who separated from OEF/OIF/OND military service and enrolled in VA healthcare between October 1, 2001 , and September 30th, 2012 (N ¼ 749,036). It includes information on veterans' genders, races, dates of birth, dates of last deployment, branches of service (Army, Navy, Air Force, or Marine Corps), components (National Guard, Reserve, or active duty), and ranks (officer, including warrant officer, or enlisted). All roster data was current at the time of separation from military service. Our analyses included only veterans with one or more VHA primary care visits (N ¼ 532,595) and information contained in data fields in the electronic medical record on smoking status and measures of pain proximal to the smoking status (N ¼ 406,954). The study was approved by the institutional review boards at Veteran Affairs (VA) Connecticut Healthcare System and Yale University School of Medicine.
Data Sources
Data on eligible veterans were linked to VHA administrative and clinical data contained within the Corporate Data Warehouse (CDW). These databases provide a record of inpatient and outpatient health care encounters and coded diagnostic conditions (based on the International Classification of Diseases, Ninth Revision [ICD-9]).
Independent Variable of Interest: Cigarette Smoking Status
Using McGinnis et al. methodology, veterans were categorized as current, former, or never smokers based on a comprehensive algorithm using key words (e.g., current smoker, never smoker, tobacco counseling) found in text entries and results from clinical reminders in CDW. The mapping strategies can be found at medicine.yale.edu/intmed/vacs/ [25] . The most recent smoking status was collected between 2001 and 2012. The highest current pain intensity and most recent opioid receipt were collected proximal to the most recent smoking status date (þ/À 30 days).
Dependent Variable: Opioid Receipt
We defined opioid receipt as at least one filled prescription for opioids in VHA within þ/À 30 days of smoking status assessment. Opioid medications included formulations from the CN101 VHA drug class: alfentanil, alphaprodine, butorphanol, codeine, dezocine, dihydrocodeine, doverin, fentanyl, hydrocodone, hydromorphone, levorphanol, meperidine, morphine, nalbuphine, opium, oxycodone, oxymorphone, pentazocine, propoxyphene, remifentanil, sufentanil, and tapentadol. Buprenorphine and methadone were excluded as the majority of their use is to treat opioid use disorder.
Covariates
Pain-Related Variables
Veterans presenting to VHA primary care clinics are screened for the presence and intensity of pain using a 0-10 numeric rating scale (NRS) at every visit. Veterans are asked to "rate your current pain on a 0 (no pain) to 10 (worst pain imaginable)" scale, and the response is recorded in the veterans' electronic medical records (EMRs). We selected the highest current pain intensity (within þ/À 30 days of smoking status). Current pain intensity was categorized as none or mild (0-3) and moderate or severe (4-10) [26] .
We included diagnostic code groupings for back pain conditions (e.g., backache, cervicalgia, degeneration of lumbar, lumbosacral, or intervertebral disc), joint disorders (e.g., joint involving lower leg, pain in joint involving ankle and foot, pain in joint involving shoulder region, pain in joint unspecified, and pain in joint involving pelvic region and thigh), musculoskeletal/connective tissue disorders (e.g., limb pain, plantar fascial fibromatosis, myalgia, and myositis), osteoarthritis, headache (e.g., migraine, tension headache), and peripheral neuropathy (AHRQ ICD-9). ICD-9 codes examined in this study included ICD-9 710-719, 720-724, 725-739, 307.89, 846, 847, 805, 806, 346, 307.81, 784, 337.2Â, 729.1, 524.6, and 356 [8] . Diagnoses were examined þ/À 30 days from smoking status date.
Demographics
Demographic variables including age, gender, race/ ethnicity (i.e., black, Hispanic, other/unknown, white), service-connected disability (nonservice connected 0-49% and 50-100%), and education (high school diploma or the equivalent, greater than high school); military characteristics, including rank (enlisted, officer), branch (Army, Navy, Marine Corps, Air Force), and status (Active duty, National Guard, Reserve), were also examined.
Mental Health Conditions
We used the Agency for Healthcare Research and Quality's (AHRQ) Clinical Classifications Software ICD-9 codes to identify mental health conditions [27] . We examined the following conditions based on their relatively high prevalence in veteran populations and their frequent comorbidity with painful conditions: anxiety disorders (i.e., anxiety disorder not otherwise specified (NOS), panic disorder, generalized anxiety disorder, agoraphobia with and without panic, other anxiety states), mood disorders (i.e., major depressive disorder, depressive disorder NOS, dysthymia, bipolar disorder), PTSD, and substance use disorders, including alcohol or drug use.
Body Mass Index
Body mass index (BMI, kg/m 2 ) was extracted þ/À 30 days from smoking status date using the height and weight recorded in the EMR. Using standard classification, veterans were categorized as obese (BMI ! 30 kg/m 2 ) or nonobese (BMI < 30 kg/m 2 ) [28] .
Analysis
We used the v 2 test to compare factors associated with opioid receipt. Logistic regression was used to examine the association of smoking status with opioid prescription, controlling for potential confounders including pain-related variables, demographic variables, BMI, and mental health diagnoses (substance use disorders, mood disorders, anxiety disorders, and PTSD) determined a priori based on the model developed previously [9] . Addressing prior work by Hooten et al. [19] identifying gender differences in the smoking and pain relationship, we conducted a subgroup analysis to examine potential gender differences and tested for gender by smoking status interaction. Veterans missing the following variables (age ¼ 86, educ ¼ 28) were excluded from applicable analyses. All statistical analyses were performed using SAS version 9.4 (SAS, Inc., Cary, NC, USA).
Results
We identified 406,954 OEF/OIF/OND veterans who met inclusion criteria for this study. The mean age was 30.1 years (SD ¼ 9.3, range ¼ 18-67), and 12.5% were women (N ¼ 50,988). The ethnic/racial composition of the sample was as follows: 60.3% white, 15.5% black, 11.2% Hispanic, and 13.0% "other" or "unknown." With regards to smoking status, 37.2% and 16% of veterans were categorized as current or former smokers, respectively, based on the most current smoking status. The majority of veterans reported no pain or mild current pain intensity (66.3%) within þ/À 30 days of smoking status. One in three veterans (33.7%) reported moderate or severe current pain intensity (þ/À 30 days). Approximately 8% (N ¼ 32,994) of veterans received at least one opioid prescription (þ/À 30 days). Demographics, military characteristics, and mental health diagnoses are reported in Table 1 .
Veterans who reported a higher current pain intensity and those with pain diagnoses were more likely to receive an opioid prescription ( Table 2 ).
We observed higher odds of opioid receipt for current smokers in both men and women veterans compared Variables age and education missing 86 and 28 data points, respectively. *Wilcoxon rank-sum test. **Measured using the numeric rating scale for current pain intensity (0-10).
with former or never smokers (see Table 3 ). Furthermore, we found a statistically significant interaction between current smoking and gender. Overall, women (both never and former smokers) were less likely than men to have an opioid prescription; however, among current smokers, no gender differences were observed (see Figure 1 ).
Discussion
As hypothesized, and consistent with studies in nonveteran samples, we found that OEF/OIF/OND veterans who are current smokers are more likely to receive an opioid prescription compared with nonsmokers, even after controlling for salient covariates, such as current pain intensity. In our study, this effect was attenuated, but nonetheless present, among former smokers. However, the exact correlation remains unclear, and the question remains: Does smoking lead to an increase in opioid use, or does the use of opioids result in continued smoking among veterans with pain? This study highlights the importance of understanding that smoking status is a risk factor for opioid use in veterans.
Previous research among nonveterans (both populationbased studies and clinical studies of patients with chronic pain) suggests that cigarette smoking among patients with chronic pain is associated with opioid receipt [4, 18, 19] . In our study, we not only found that smoking was associated with receipt of an opioid prescription, but that the relationship between smoking status and opioid receipt was independent of current pain *Logistic regression model adjusted for: age, service-connected disability, smoking status, substance abuse, mood disorders, anxiety, PTSD, BMI, and pain intensity. **Measured using the numeric rating scale for current pain intensity (0-10) and categorized as none-mild ¼ 0-3 and moderatesevere ¼ 4-10.
intensity and mental health conditions. There have been several other studies that have examined the association between tobacco use and opioids. These studies found that tobacco use increases the likelihood of opioid receipt [29] [30] [31] [32] and patients who smoke require higher doses of opioids in order to sustain an acceptable analgesic effect after surgery [33] . One study found an increased risk for opioid receipt among only female smokers [31].
Our results are consistent with other observations that nicotine has an effect on opioid receipt and pharmacokinetics. As reviewed by Hooten and his colleagues (2011), there is a direct relationship between nicotine and opioid consumption [4, 34] . Cigarette smoking has also been shown to be associated with selfadministration of methadone and increase in methadone consumption [34] . In functional imaging studies, activation of the mu-opioid receptor was observed in adult smokers following administration of nicotine after a period of deprivation/abstinence [35] . These preliminary findings suggest that smoking cigarettes may stimulate craving for opioids.
We found women veterans were less likely to receive opioids in this OEF/OIF/OND cohort. Although previous studies have found that women veterans from all service eras were more likely to report chronic pain [36] , less chronic pain was reported by women in a study examining the OEF/OIF/OND cohorts [7] . Driscoll and her colleagues found that women and men had comparable levels of chronic pain in a subset of this OEF/OIF/OND cohort [37] . Haskell and her colleagues found that rates of chronic pain increased more for women rather than men each year for seven years following separation from service [36] . Edlund and his colleagues found that women veterans with chronic pain using opioids were 32% less likely to be prescribed high-dose opioids [20] . Investigators examined gender differences in veterans receiving opioid prescriptions and found that women were less likely to receive opioids [38] and more likely to receive guideline-concordant care, but they were also more likely to receive concurrent sedatives [39] . A future study examining the association of smoking with the use of sedatives among veterans would be helpful to further assess this relationship.
Despite the young age of the cohort (mean ¼ 30 years), more than a third (33.7%) of participants reported moderate-to-severe current pain intensity, and of these 19% had received an opioid prescription. The association between smoking and pain is particularly strong in adolescents and young adults [40] . In a recent study of active duty infantry following combat deployment, 41% were young adults (age 18-24 years). Overall, 44% reported chronic pain and 15% reported any opioid use in the previous month [41] .
Participants with PTSD and mood and anxiety disorder diagnoses had a higher rate of opioid use, which is consistent with substantial literature supporting this relationship [4, 20] . Depression, anxiety, PTSD, and pain may share biologic mechanisms, and all of these conditions may be influenced by similar social factors, such as lower socioeconomic status, disability, and motivation to engage with health care [42] . There is also a concern, however, that health care engagement may lead to an increase in opioid use in this patient population with mental illness.
We also found obesity to be associated with opioid receipt. In a prior study utilizing the same cohort of OEF/ OIF/OND veterans, obesity was associated with Figure 1 Gender and smoking interaction odds ratios for opioid receipt among OEF/OIF/OND veterans.
persistent pain [8] . In a population-based cohort of obese patients undergoing bariatric surgery, 8% of patients used opioids chronically, and a higher proportion of these patients also smoked cigarettes compared with those not taking opioids [43] .
Many strengths can be identified in our study. We examined a large, national sample of OEF/OIF/OND veterans. Our data included information on opioid prescriptions, demographics, physical and mental health conditions, smoking status, and current pain intensity. Previous investigators have shown that veterans who receive an opioid prescription within the VA system are more likely to fill those prescriptions in a VHA pharmacy [44] .
Nonetheless, our study also has limitations that may reduce the generalizability of our findings. First, we only included OEF/OIF/OND veterans who utilized VHA healthcare; therefore, our results may not be applicable to veterans of other military operations or those who did not utilize VHA care. This was a cross-sectional examination of an observational data set contained in VHA EMR, which limits our ability to draw conclusions about causation. We relied on self-reported measures of smoking, though we note again that self-reported smoking status in the VHA EMR has been validated [25] . We were unable to describe dose and duration for both opioids and tobacco. We used a one-item measure of current pain intensity. No other pain-relevant variables are routinely collected in the EMR, so other variables that capture the full complexity of pain as a construct such as type of pain (acute vs chronic), location of the pain, and pain interference were not available to us. Finally, we included ICD-9 diagnoses to describe the physical and mental health of the cohort, but it should be recognized that not all veterans had a pain diagnosis in their medical record. This may be due to the difficulty in defining a "pain" diagnosis, as well as the underreporting of this ICD-9 condition [45] .
Our analysis found a lower opioid prescription rate (8.1%) than previous studies of veterans receiving healthcare in the VHA system [46] . In our cohort, only veterans with opioid prescriptions within the 30 days of their most recent smoking status were identified. Mosher et al. reported that 47% of veterans age 18 to 34 years were prescribed an opioid; however, they included tramadol and their data set was restricted to veterans who showed regular evidence of VHA medication use. The Mosher report also included a sensitivity analysis removing the latter restriction, resulting in a lower prevalence rate of opioid prescriptions [46] .
Smoking status should be an essential consideration when evaluating OEF/OIF/OND veterans with pain and opioid use. Given the impact smoking has on the health status of young veterans, smoking prevention and cessation programs are necessary in the military. Smoking cessation is challenging in and of itself, with chronic pain and opioid use only posing additional barriers to quitting [47] . Recently, researchers have shown that interventions targeting both smoking cessation and coping with pain may be efficacious for smoking cessation and pain reduction [48] . The clinical implications of this research suggest a need to target smoking cessation in the context of pain and opioid use and to offer nonpharmacologic therapies for treating chronic pain. 
